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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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DETERMINATION OF THE ENERGY DEPENDENCE
OF THE FORM FACTOR IN K§3 DECAY

George E. Kalmus and Anne Kernan
Lawrence Radiation Laboratory
University of California
- Berkeley, California

August 20, 1966
EXPERIMENTAL DETAILS

We have studied the decay K ->no + e+ + v

L——>27 - 26" - )

using stopping K+ mesons in the Berkeley 30-inch heavy liquid bubble

chamber. The chamber filling was freon,-C3
gm cm'3 and radiation length 28 cm. A total of 250 000 pictures containing

F8, having a density 1.22

2.9 X 10° stopped k' 's was taken.

The film was scanned for'Ke3 decays that satisfied the following
criteria:

1. The p051tron from the K decay went through a maximum radlus

vector'w1thout change of 1on1zat10n

2. Two electron-positron pa;ra p01nted ba;k fo the.Kf decay point
on all three stéreo viewa.
3. Neither of these pairs was tangehtial t0 the positron near £he
origin. |
L, The K ‘fonization was consistent with a decay at rest, and
there were no klnks or changes of ionization along the 1ncom1ng
) K track w1thln 1 cm of the origin.

Condition 1 ensured that the charged secondsary was unambiguously”



ity

0.

idéntified as a positron. Condition 3 eliminated events in which one
of the pairs was due to a bremsstrahlung from the decay positron. This
criterion may eliminate some genuine events. We have calculated thé
magnitude of this éffect and find it small compared to the statistical
error. Condition 4 largely eliminated a background contamination of

+ C+ .
7' and Kp decays for which the x u+ chain or u , respectively, were

3
less than 1 cm.

All the tracks from the decay were measured by means of the Behr-
Mittner method for calculating the momenta and errors. A two-constraint

fit for the Ké3 hypothesis was made for edch event. A total of 529

events, from 30% of the film, fitted the hypothesis.
|

COMPARISON OF THEORY AND EXPERIMENT

The most general form of the matrix element for Ke3 decay is

M c< E: u, Oj LR Aj ,
where the Oj's are the Dirac matrices corresponding to the three possible
types of couplingbscalar, vector, and tensor, and GV Oj U is the lepton
current. The strong—interactioh currents Aj are of the form:

Scalar AJc( fs

Vector.- Ajo(; £, (Pk + Pn) - T (Pk - Pﬂ)

Tensor Ajet‘f P_P

t "k "=xn

The P's are 4-momenta, and the f's are dimensionless form factors that

- depend on the pion energy alone.

We compared the experimental distributions with the distributions
expected for a pure, vector, pure scalar, and pure tensor interaction.
We zlso measured the energy dependence of the form factor f+, for the

assumption of a pure vector interaction.




e theoretical distributions cannot be compared directly with the

experimental distributions. It is first necessary that the experimental

errors and biasés be folded into the theoretical distributions. This

was done in two steps:

(1)

(i1)

£
1T0m

For each hypothesis, 20 000 Ke3 decays were generated in a Monte
Carlo program. The measurable quantities of each event were modified
according to the known mesasurement errors. The event, thus modified,
was constrained to the reaction (1) hypothesis.

We observed that the distributions of the constrained variables
were systematically shifted from the theoretical distributions.
This is illustrated in Fig. 1 which shows the lepton momentum dis-
tributions for 20 000 events generated according to a pere vector
interaction. In & vector interaction the lepton distributiens are
identical; & real difference between the electron and neutrino
momentum spectra would indicate a scalar-tensor interference term
in the matrix element. The shift in the constrained variables is
due to the large measurement errors, about 30% for the electron
momentum.

Each constrained event was assigned a weight P(E En) which is

o
the probability that the generated event would satisfy the four
scanning criteria laid down for the experimental events. The
function P(Ee, Eﬁ) is strongly &hergy dependent, since the positron
detection efficiency varies from 100% at Ee = 0 to 30% at Eé S Emax'
The theoretical distributions in Figs. 2, 3,. 5 and. 6. were all ebtained

20 000 Monte Carlo events processed through steps (i) and (ii), above.

In Fig. 2 the experimental distribution in cos & is compared with

the distributions predicted for pure vector, scalar and tensor. The




e

‘Gistribution in cos ¢ (the angle between the direction of the neutrino
momentum in the dilepton center-of-mass system and the direction of the
pion) is independent of the energy dependence of the form factors and
provides & sensitive test of the nature of the interaction. Only the

. + . . s . o ) 24 2 [ S ) = e
vector interaction hypothesis gives a reasonable fit with a x probability
of better than 5%. A small admixture of scalar and/or tensor cannot
be ruled out.

If the coupling in_Ke3 decay is pure vector, the distribution in

P;J' |
: ar (2)
ey E

T b8

) -
N(Pﬁ) &P oc £

and hence can be used t§ investigate the energy dependence of the form

facﬁor f+. The term containing f 1is negligible in Ke3 decéy. The form
. N

-factors are functions ogly of the 4-momenta transfer q2 = Mﬁ + Mi -2 MK En’\

"and are reiatively real if time reversal invariance holds in the decay.

It is conventional to parameterize f+ as 1 + A qe/Mf or alternatively

in the form-lﬁME-qgi where M is the mass of an apprqpriate d = 1 inter-~

mediate Kn state. By fitting the experimental pion momentum spectrum

>
35

Figure 4 shows the corresponding Xd (for 9 degrees of freedom) as a

(Fig. 3) with equation (2) we obtain A = .O9t' and M = 540 £ 90 MeV.

function (a) of A and (b) of M, respectively.
. ' ) . 2 2 i o
In Fig. 3, equation (2) with f_ = 1/M°-q), M = 54O MeV, is compared
with the experimental pion momentum distribution. Figures 5 and 6 show the
experimental lepton distributions, and the corresponding theoretical

distributions for‘a‘pure vector interaction and M = 540 MeV.




Figure Captions

Fig. 1 Mutilated leptdn‘momentum distributions for a pure vector inter-
action. They were obteined by generating 20 000 vector decays,
folding in the measurement errors, and constraining each event

to the K. hypothesis. The constrained variables are plotted

€3
here.

 Fig. 2 Histogram of § cos &. The smooth curves are the distributions
predicted for a pure vector, scalar, and tensor interaction.

Fig. 3 Experimental pion homentum spectrum. The smooth curve is calcu~
lated for a pure vector interaction and form factor f+ = l/(M?-qe),
with M = 540 MeV.

Fig. & ."I‘he.xe for 9 degrees of free|dOm, obtained by fitt.ing the pion
momentum spectrum by equation (2), with (a) f,=1 + A qe/Mi,
end (b) £, = 1/ (°-a%).

Fig. 5 Histogram of positron momentum. The smooth cur?e is the prediction

. a pure vector interaction and f, = l/(Me-qe), with M = 540 MeV.

Fig. 6 Same as Fig. 5 for the neutrino momentum.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract.
with the Commission, or his employment with such contractor.





